Several careful experiments designed to study the decays of long-lived radioactive isotopes have reported observations of small periodic annual variations modulating the well-known exponential decay curve. 1, 2, 3 Recently, Jenkins et al. 4 proposed that these decay rate variations were correlated with the distance between the Earth and the Sun. Jenkins et al. went on to suggest that the underlying mechanism responsible for this correlation might be some previously unobserved field emitted by the Sun or perhaps was the result of the (~ + 3%) annual variation in the flux of solar neutrinos reaching the Earth. If the Jenkins et al. 4 proposal were correct, it would have profound consequences for many areas of science and engineering. Thus, it is important to test this proposal in a variety of experiments.
Therefore, we have reanalyzed a large body of decay data that we collected over the past 15 years to search for the type of periodic variations observed in the above-mentioned experiments. The data we examined was collected in three separate gamma-ray experiments that were designed to measure the capture. Gamma-ray spectra were collected in one-week intervals beginning January 27, 2003.
To extract the net areas of the gamma-ray peaks of interest from each spectrum, we selected a peak region and then background regions of the same energy width above and below the peak. The average of the two background areas was then subtracted from the peak area to obtain the net peak correct, it is very unlikely that the alpha, beta-minus, beta-plus, and electron-capture decays of all radioactive isotopes would be affected in quantitatively the same way. Thus the ratios of counts observed from two different isotopes would also be expected to show annual variations.
In order to search for variations in the decay rates of these isotopes that might be correlated with the Earth-Sun distance, R ES , we corrected the observed ratios for the expected exponential decays of both isotopes. In practice, this meant multiplying each measured ratio by exp(+λ eff t), where λ eff = λ 1 -
The results of this procedure for the data obtained in our three experiments are illustrated in Figures 1, 2 , and 3. In each case, the data points have been normalized to the mean value of each data set, and the horizontal line at 1.00 represents this mean value. Thus, the horizontal line is our model for the null hypothesis (i.e., no annual variation). In all of the cases we have studied, the null hypothesis is strongly favored over the Jenkins hypothesis. By examining the change in the total Χ 2 for each data set as the amplitude of the annual variations is varied from 0, we set 3σ upper limits (i.e., ∆(Χ 2 ) = 9) of 0.06%, 0.024%, and 0.004%, respectively, on the amplitude of an annual variation in these decays rates that is correlated with the Earth-Sun distance.
It is interesting to note that in the work of Alburger et al. could not identify a mechanism that could quantitatively explain these observations. However, in the work of Siegert et al. 2 , where a similar amplitude annual variation in the count rate of 226 Ra was observed (see Fig. 1 The results of this analysis also strongly disagree with the hypothesis of a correlation between nuclear decay rates and the distance of the source to the Sun.
This work was supported in part by the U. S. Department of Homeland Security, and by the U. S.
Department of Energy under contract numbers DE-AC52-07NA27344 at LLNL and DE-AC02-
05CH11231 at LBNL.
